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(57) Abstract 

Process for the synthesis of block poly- 
mers, homopolymcrs and copolymers of nar- 
row polydispcrsity having formula (I) by 
contacting selected vinyl monomcits). vinyl- 
cenminated compound(s) and free radicals in 
which effective control of production of poly- 
mer is achieved by controlling the mole ratio 
of vinyl monomcr(s). vinyl -terminated com- 
pound(s) and free radicals relative to one an- 
other, and polymers produced thereby. 
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POLYMER SYNTHESIS 



1. Field of the Invention 

5 This invention relates to a process for the synthe^s of block copolymers and 

polymers of narrow polydispersity based on radical polymerization of monomers in the 
presence of tinsaturated chain transfer agents. 

2. BMckground 

Block copolymers are useful as pigment dispersants, sui&ctants, 

10 compatibilizers for polymer blends, thermoplastic ehistomers and in a variety of other 
applications. Polymers with narrow molecular wdght dispcrsity can enhance mdt 
viscosity behavior, solids-viscosity relationships of polymer solutions and sharper melt 
tran^tions than the same composition at a higher polydispersity. 

Conventional commercial techniques for synthesizing narrow polydispersed 

1 5 polymers and block copolymers include free-radical polymerization. Radical 

polymerization may be accomplished: (1) through the use of pseudo or quasi-living 
polymerization. These techniques make use of low molecular weight transfer agents 
and/or chain terminators; (2) through the use of transformation chemistry; (3) through 
the use of multifunctional or polymeric initiators. 

20 This invention provides a method of employing certain vinyl compounds in the 

synthesis of polymers with narrow molecular weight distribution and block 
copolymers by free radical polymerization. Block copolymerizaiion by radical 
polymerization has been described in PCT Application No WO 93/22355 ThisPCT 
application describes the mechanism of block copolymer formauon but does not define 

25 conditions necessary for the preparation of high punty block copolvmcrs, nor 
formation of narrow polydispersity resins. 



30 



5;ttmmary of thf tnvention 
This invention is directed to a process for the synthesis of polymers (block, 
homo- and copolymers) of the general formula: 



,CH2 — 



Jm 



i 



-CHr-z 



Jn 
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comprising contacting: 

(i) a vinyl monomer of the formula 

CH2 = CUV 

(ii) a vinyl-terminated compound of formula 



-CHr -z 



S and 

(iii) free radicals, produced from a free radical source; and 
increasing the molar amount of polymers, I, by one or both of: 

(a) decreasing the molar amount of (iii) for any given conversion of (i); 
and 

1 0 (b) decreasing the molar amount of (i) for any ^ven conversion of (iii); 

wherein: 

Q is selected from the group H, R, OR, OjCR, halogen, CO2H, CO2R, CN, 

CONH2, CONHR and CONR2; 
U is selected from H and R; 
15 V is selected from R, OR, OjCR, halogen, CO2H, CO2R, CN, CONH2, CONHR 

and CONR2; 
X is selected from H and R; 

Y is selected from R, OR, O2CR, halogen, CO2H, COjR, CN, CONHj. CONHR 
and CONR2; 

20 Z is selected from the group H, SR^ S(0)R, S(0)2R, R^ and R^ 

R is selected from the group substituted and unsubstituted alkyl, aryl, aralkyl, 
alkaryl and organosilyl groups wherein the substituent(s) are independently 
selected from the group carboxyl, epoxy, hydroxyl, alkoxy, amino and halogen; 
Ri is selected from the group H, substituted and unsubstituted alkyl, aryl, aralkyl, 
25 alkaryl, organosilyl wherein the substituent(s) are independently selected from 

the group carboxyl, epoxy, hydroxyl, alkoxy, amino and halogen; 
R2 is selected from the group free radical initiator-derived fragments of substituted 
and unsubstituted alkyl, cycloalkyl, aryl, aralkyl, alkaryl, organosUyl, alkoxyalkyl, 
alkoxyaryl, sulfate groups wherein the substituent(s) are independently selected 
30 from R, OK\ O2CR, halogen, CO2H (and salts), COjR, CN, CONH2, 



2 
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CONHR, CONR2, — C, JLr (and salts) and — C (and salts) 

g ^ 'nH2 

is selected from the group radical chain transfer agent«derived fragments of 
substituted and unsubstituted alkyl, cydoalkyl, aryl, aralkyi, alkaryl, organosilyl, 
alkoxyaUcyl, alkoxyaryl, and PR2 groups whmin the substituent(s) are 
5 indq>endemly selected from R, OR}, SR, NR2, NHR, O2CR, halogen, CO2H. 

CO2R, CN, CONH2, CONHR, and CONR2; 
m and n are independently > 1; and 

when either or both of m and n are greater than 1, the repeat units are the same or 
different. 

10 Each allcyl in the defined substituents is independently selected from branched, 

unbranched, and cyclical hydrocarbons having 1 to 20, preferably 1-12, and most 
preferably 1-8 carbon atoms; halo or halogen refers to bromo, iodo, chloro and fluoro, 
preferably chloro and fluoro, and organosilyl includes •SiR'*(R5)(R6) and the like, 
wherein R"*, R^, and R^ are independently alkyl, phenyl, alkyl ether, or phenyl ether, 

15 preferably at least two of R^, r5, and R^ being a hydrolyzable group, more preferably 
two of which are alkyl ether, wherein alkyl is preferably methyl or ethyl A plurality of 
silyl groups can be condensed; for example, an organopolysiloxane such as -Si(R^)2- 
0-Si(R5)2R6, wherein R^, r5, and R^ are independently alkyl 

Preferred monomers are methyl methacrylate, ethyl methacrylate, propyl 

20 methacrylate (all isomers), butyl methacrylate (all isomers), 2-ethylhexyl methacrylate, 
isobomyl methacrylate, methacryiic acid, benzyl methacrylate, phenyl methacrylate, 
methacrylonitrile, alpha methyl styrene, methyl acrylate, ethyl acrylate, propyl acrylate 
(all isomers), butyl acrylate (all isomers), 2-ethylhexyl acrylate, isobomyl acrylate, 
acrylic acid, benzyl acrylate, phenyl acrylate, acrylonithle, styrene, fiinaional 

25 methacrylate, acrylates and styrene selected from glycidyl methacrylate, 2- 

hydroxyethyl methacrylate, hydroxypropyl methacrylate (aU isomers), hydroxybutyl 
methacrylate (all isomers), diethylaminoethyl methacrylate, triethyleneglycol 
methacrylate, itaconic anhydride, itaconic acid, glycidyl acrylate, 2-hydroxyethyl 
acrylate, hydroxypropyl acrylate (all isomers), hydroxybutyl acrylate (all isomers), 

30 diethylaminoethyl acrylate, triethyleneglycol acrjdate, methacrylamide, N-tert-butyl 
methacrylamide, N-n-butyi methaoylamide, N-methyl-ol methacrylamide, N-ethyl-ol 
methacrylamide, N-tert-butyl acryiamide, N-n-butyl acrylamide, N-methyl-ol 
acryiamide, N-ethyl-ol acrylamide, vinyl benzoic add (all isomers), diethjdamino 
styrene (all isomers), alphamethylvinyl benzoic add (all isomers), diethylamino 

35 alphameth^dstyrene (all isomers), para-methylstyrene, p-vinyl benzene sulfonic add, 
trimethoxysilylpropyl methacrylate, triethoxysUylpropyl methacrylate. 



3 



BNSDOCID:<WO 9815157A1> 



PCTAJS9S/14428 



tributoxysilyipropyi methacrylate, dimethoxymethylsilylpropyl methacrylate, 
dicthoxymethyl-sUylpropylincthacrylate, dibutoxymethylsilylpropyl methacrylate, 
diisopropoxymethylsUylpropyl methacrylate. dimethoxysflylpropyl methaoylate, 
diethoxysilylpropyl methacrylate, dibutoxysilylpropyl methacrylate, 
diisopropoxysilylpropjd methaoylate, trimethoxysaylpropyl acrydate, 
triethoxysilylpropyl aciylate, tributoxysilyipropyi acrylatc, dimethoxymethylsUylpropyl 
acryiate, diethoxymcthylsUylpropyl acrylate. dibutoxymethylsUylpropyl acryiate, 
diisopropoxymethylsUylpropyl acryiate, dimethoxysUylpropyl acryiate. 
diethoxysilylpropyl acryiate. dibutoxysUylpropyl acryiate, diisopropoxysilylpropyl 
acryiate, vinyl acetate, and vinyl butyrate, vinjd chloride, vinyl fluoride, vinj^ bromide. 

In a preferred process, (ii) is selected where Q. -XYC-CH2- and Z are 
independently selected from one or more of the following: 
Q = H, methyl, ethyl, butyl (all isomers), cyclohcxyl, methoxy, ethoxy, propoxy. 
butoxy (all isomers), phenoxy. acetate, propionate, butyrate (all isomers), 
benzoate, carboxylate, chlorine, bromine, fluorine, iodine, nitrile, amide, N- 
methylamide, N-cthylamide, N-propylamide, N,N-dimethylamide, N,N- 
diethylamide, N,N-dibutylamide, N-methyl-N-ethylamide, carboxylate ester of 
methyl, ethyl, propyl, butyl (aU isomers), benzyl, phenyl, 2-hydroxycthyl, 3- 
hydroxypropyl, 2-hydroxypropyl, 4-hydroxy-butyl (all isomers), 3- 
hydroxybutyl (aU isomers), 2-hydroxybutyl, 3-trimethoxysilylpropyl, 3- 
Oiethoxysilylpropyl. 3-tributoxy-saylpropyl. 3-tri(isopropoxy)silylpropyl, 2- 
aminoethyl. 3-anuno-propyl, 2-aminopropyl, 4-aminobutyl (all isomers). 3- 
aminobutyl (all isomers), 2-aminobutyl (all isomers). 2-epoxypropyl, or 3- 
epoxypropyl; 

-XYC-CH2- = derived from one or more of the following monomers: methyl 
methacrylate, ethyl methacrylate, propyl methacrylate (all isomers), butyl 
methacrylate (all isomers), 2-ethylhexyl methacrylate, isobomyl methacrylate. 
methacryUc acid, benzyl methacrylate, phenyl methacrylate, methacrylonitrile, 
styrene, alpha methyl styrene, glycidyl methacrylate, 2-hydroxyethyl 
methacrylate, hydroxypropyl methacrylate (aU isomers), hydroxybutyl 
methacrylate (all isomers), diethylaminoethyl methacrylate, triethyleneglycol 
methacrylate, N-tcrt-butyl methacrylamide, N-n-butyl methacrylamide, N- 
methyl-ol methacrylamide, N-ethyl-ol methacrylamide, trimethoxysilylpropj^ 
methacrylate, triethoxysilylpropyl methacrylate, tributoxysflylpropyl 
methacrylate. dimethoxymethylMlj^propsd methacrylate, 
diethoxymethylsUylpropyl methacrylate. dibutoxymethylsUylpropyl 
methacrylate, dusopropoxymethylsUylpropjd methaoylate, 
dimethoxysUylpropyl methacrylate, diethoxysUylpropyl methacrylate, 
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dibutoxysilyiprop^ methaoylate, dtisoptopoxysilylprop^ methacrylate, methjd 
acryiate» ethyl acsylate, propyl aoylate (all isomers), butyl acryiate (all 
isomersX 2-etli^exyl ao^ate, isobomyl acr^ate, acrylic add, benz^ acr^ate, 
phenyl acryiate, acrylonitrile, styrene, glyddyi acryiate, 2-hydroxyetfayl 
5 acrylaXt^ hydroxypropyl aoylate (all isomers), hydroxybutyl acryiate (all 

isomers), dieth)daminoethyl acryiate, triethyienegtycol acryiate, N-tert*butyl 
acrylamide, N-n-butyi acrylamide, N-meth^-ol acrylamide, N-ethyl-ol 
aoylamide, vin^ benzoic add (all isomers), di^hylamino styreoe (all isomers), 
p-vin^ benzene sulfonic add, para-meth^styrene, trimethoxysilylpropyl 

10 acryiate, triethoxysil^propyl acryiate, tributoxyal^propyl acryiate, dimethoxy- 

methylsilylpropyl acryiate, diethoxymethylsilylprop^ acryiate, dibutoxy- 
methylsiiylpropyl acryiate, diisopropoxymethylsilydpropjd acryiate, dimethoxy- 
silylpropyl acryiate, diethoxysilylpropyl acryiate, dibutoxysilylpropyl acryiate, 
diisopropoxysilylpropyl acr^e, vinyl acetate, or vinyl butyrate; 

15 Z= H,SR^S(0)R,S(0)2R.R2,orR3; 

R = methyl, eth^ propyl, n-butyl, tert-butyi, isobutyl, phenyl, benzyl, 2- 

phenylpropyl, trimethoxysilylpropyl, tributoxysilyl-propyl, hydroxymethyl, 2- 
hydroxyethyl, 2-hydroxypropyl, 2-epoxypropyl, 2-aminoethyl, 2-aminopropyl, 
methoxymcthyl, 2-methoxycthyl, 2-ethoxyethyl, 2-methoxy-propyU or 

20 heptafluoropropyl; 

R^ = hydrogen, methyl, ethjd, propyl, n-but>1, tert-butyl, isobutyl, phenyl, benz>i, 2- 
phenylpropyU trimethoxysilyl-propyU tributoxysilylpropyl, hydroxymethyl, 2- 
hydroxyethyl, 2-hydroxypropjd, 2-epoxypropyl, 2-aminocthyl, 2-aminopropyl, 
methoxymethyl, 2-methoxyethyl, 2-cthoxyethyl, 2-methoxypropyl, or 

25 heptafluoropropyl; 

R^ 2,4-dimethylpentanenitrile, 2-methylbutanenithle, 2-methylpropanenitrile, 
cyclohexanecarbonitrile, 4-cyanopentanoic add, N,N*-dimethylendso- 
butyramidine, N.N'-dimethyleneisobutyramidine hydrochloride, 2- 
amidinopropane, 2-anudinopropane hydrochloride, 2-methyl-N*{l,l- 

30 bis(hydroxymethyl)ethyl] propionamide, 2-methyI-N-[ 1 , 1 -bis(hydroxymethyl)- 

2-hydroxyethyl] propionamide, 2-methyl-N-(2-hydroxyethyl) propionamide, 
isobutyamide hydrate, hydroxyl, or sulfate; 
R3 = l,l-bis(carboethoxy)ethyl, l.l-bis(carbomethoxy)ethyl, bis(carboethoxy)- 
methyl, bi8(carbomethoxy)methyt, l-carfooethoxy-l*phenyl ethyl, l*caibo- 

35 methoxy-l-phen^ cth^ chlorine, bromine, fluorine, iodine, 1-methyl-l- 

[carbo(2-epoxypropoxy)]ethyl, l-methyH-[carbo(2-hydroxycthoxy)]ethyl, 1- 
mcthyM-[carbo(4-hydroxy-butoxy)]ethyl, I -methyl- l-[carbo(2- 
amindethoxy)]ethyl, 1 -methyl- l-[carbo(3-trimethoxysilylpropoxy)]ethyl, 1- 
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methyl-l-[carbo(3-triethoxysUylpropoxy)]ethyl, l-methyI-l-[carbo(3- 
<iimethoxyethoxysaylpropoxy)]ethyl. 1 -methyl- l-[carbo(2-methoxy- 
ethoxy)lethyl, (N,N-di-ineUiylainiiioXcyaiio)mcthyl. HN-dimethylamino- 
(benzo)fnethyl, thiomethyl(cyano)incthyl, or thioethyl(cyano)aiethyl. 

5 

In a prefeiTed process. Cm) is derived from one or more of the following 
initiators: 2,2*-a2obis(isobutyronitrile), 2,2'-azobis(2-butanenitrUe), 4,4'-azobis(4- 
cyanpentanoic add). l,l'-azobis(cyclohexane-carbonitrile), 2-(t-butylazo)-2- 
cyanopropane,2,2'-azobis[2-methyl-N-(l,l)-bis(hydoxymethyl>-2-hydroxyethyl] 

10 propionamide, 2,2*-azobis[2-methyl-N-hydroxyethyl)]-propionamidc, 2,2*- 

azobis(N,N'.dimethyleneisobutyramidine) dichloride, 2,2'-azobis(2-amidinopropane) 
dichloride. 2,2*-azobis(N,N'-dimethyleneisobutyramide), 2,2'-a2obis(2-methyl-N-[l,l- 
bis(hydroxymethyl)-2-hydroxyethyl] propionamide), 2,2'-a2obis(2-methyl-N-[l,l- 
bis(hydroxymethyl) ethyl] propionamide), 2,2'-azobis[2-methyl-N-<2-hydroxyethyl) 

1 5 propionamide], 2,2'-a2obis(isobutyramide) dihydrate, t-butyl-peroxyacetate, t- 
butyiperoxybenzoate, t-butylperoxyoctoate, t-butjdperoxyneodecanoate, t- 
butylperoxyisobutyrate, t-amyiperoxypivalate, t-butylperoxypivalate, cumene 
hydroperoxide, dtcumyl peroxide, benzoyl peroxide, potassium persulfate, ammonium 
persulfate. 

20 

PKTAILS OF THE INVENTION 
Compound (2) can be prepared by several methods. Two non-restrictive 
examples of convenient methods of preparing compounds of structure (2) are by free 
radical polymerization in the presence of cobalt transfer agents or organic transfer 
25 agents that are capable of chain transfer by addition fragmentation. Cobalt chain 
transfer agents represent a broad class of complexes some of which are described in 
U.S. Patent No. 4,694.054. U.S. Patent No. 4,680,352, U.S. Patent No. 4,722,984, 
and WO 87/03605. 

Organic chain transfer agents include allylic sulfides, alljiic bronudes, vinyl 
30 tenninated methacrylic oligomers (dimers, trimers, etc or distributions), a- 

methylstyrene dimer and related compounds. Other methods of preparation are also 
possible. 

Said compounds of structure (2) can also be a block copolymer of general 
stnicture (1) and the process can then be used to form tri- or multiblock copolymers. 
35 Substituent Q of (1) and (2) is chosen to convey appropriate reactivity to the 

double bond in radical polymerization of the desired monomer or monomers under 
polymerization conditions. It should preferably be arjrt, CO2H, CO2R, CN, or 
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CONR2 in the case of acdvated monomm (e.g. styrene, acr^cs) or H, R, OR, O2CR, 
or halogen in the case of non activaled monomers (e.g. vinyl acetate* vinyl chloride). 

The substhuents Q and Z can also be chosoi so as to introduce any required 
end-group functionality into the polymer (1 ). These end groups can be the same or 
dififerent and are chosen such that the final polymer is a telechelic polymer. Suitable 
end groups are those compatible with free radical polymerization and indude epoxy» 
hydroxy, caibox^c add, carbox^c ester. 

Monomers, CH2*CUV, as used herein include acr^c, methacrylic and styrenic 
monomers, mixtures thereof^ and mixtures of these monomers with other monomers. 
As one skilled in the art would recognize, the choice of comonomers is determined by 
the steric and electronic properties of the monomer. The fi&ctors which detemiine 
copolymerizability of various monomers is well documented in the art. 

When U and/or X~ hydrogen, the use of reaction temperatures above lOO^C 
has been found to &vor block copolymer formation. 

The process is compatible with forming (2) and the polymer (1) sequentially in 
a *'one-pot** procedure. In this case, it is important to destroy residual transfer agent 
remaining from the synthesis of (2). For compounds (2) prepared in the presence of 
cobalt catalytic chain transfer agents, the use of potassium persuifate, a peroxide or 
similar reagent deactivates any cobalt chain transfer agent remaining from the 
conq>ound (2) preparation. 

The length of the -(CXY-CH2)q- is determined by the molecular wdght of (2). 
Unreacted (2) will constitute a contaminant. The conversion level of (2) will define 
the purity of (1). The higher the conversion of (2) the higher the purity of (1). 

To obtain narrow dispersity in the final polymer, reaction conditions are 
selected such that polymerization in the absence of (2) gives molecular weights - 
substantially higher (at least S-fotd) than in the presence of (2). In the same manner, 
to obtain high block purity in the block copolymer synthesis, reaction conditions are 
sdected such that polymerization in the absence of compound (2) gives molecular 
wdgfats substantially higher (at least 5-fold) than in the presence of compound (2). 

With this as a guide, the control of the molar amount of firee radicals Oii) at any 
given conversion of (i) will determine how much polymer containing (i) and not (2) is 
formed. One can minimize the number of fiw radicals, via initiators, in the reaction 
media during the polymerization so that bimolecular termination reactions, or radical- 
radical reactions, are minimized. These reactions produce polymers that are 
imdesirable when one is interested in narrow dispersity polymers or substantually pure 
block copolymers. Increasing the moles of (ti) in the presence of (iii) will enhance the 
transfer reaction which is necessary to produce block, tdechdic polymers and 
homopolymers of narrow molecular wdght dispersity. In like fiishion, reducing the 
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molar anuMint of monomer CO in the reactor at any given time at any given converaon 
of (ill), will provide additional control thus assuring uptake of Gi) as a transfer agent. 
Slow, incremental uptake of (i) under conditions which optimize chain transfer 
contritnite to narrow polydispersity. The present invention allows preparation of 

5 homo- and copolymers with substantially narrower polydispersity than can be 

prepared by conventional free radical polymerization. Polymers with polydispersity 
<1 .5 are not available using convrational free radical polymerization technology. The 
discovered interrelationship of (a) to (d) allows preparation of polymers with 
polydisper^ties below 1 .7 and even less than 1 .5. 

10 The process can be successfully conducted by bulk, solution, suspension or 

emulsion polymerization. However, bearing in mind the above-mentioned condition, a 
preferred process for forming high molecular weight block copolymers is by emulsion 
or dispersion polymmzation techniques. Emulsion polymerization typically ofifers 
very high molecular wdghts for polymerization carried out in the absence of 

15 compound (2). As a consequence, it is pos^ble to prepare high molecular weight, 
Ugh purity block copolymers with narrow polydispersity. Other advantages of 
enuilsion polymerization over solution or bulk polymerization are faster 
polymerization times, high conversions, avoidance of organic solvents, and low chain 
transfer to water, 

20 The present process oflFcrs significant advantages over other processes for 

preparing block or narrow polydispersity polymers based on conventional living 
polymerization techniques {e.g. cationic, anionic, coordination or group transfer 
polymerization). Advantages include compatibility with monomers with active 
hydrogens (for example, methacrylic acid, 2-hydroxyethyl methacrylate, etc.), or 
25 reactive functionality (for example, glycidyl methacrylate), the use of protic media (for 
example, isopropanol, water), and use of inexpensive commercial grade monomers. 

The success of block copolymerization via the emulsion process depends on 
the compatibility of the monomer(s) and compound (2). The polymerization of 
hydrophobic monomers {e.g. butyl methacrylate) and moderately hydrophobic 
30 compounds (2) {e.g. methyl methacrylate), or moderately hydrophobic monomers with 
hydrophilic compounds (2) {e.g. methacrylic acid) can be successfully carried out. 

Emuluon polymerization of hydrophobic monomers (for example, styrene, 
butyl methacrylate, etc.) in the presence of water-soluble compounds (2) may lead to 
product contaminated with homopolymer of the hydrophobic monomers. In these 
35 circumstances, addition of appropriate cosolvents (for example, 2-butoxyethanol) to 
the emulsion polymerization medium gives improved yields of block copolymer. 

Changing the hydrophobic-hydrophilic balance in the compound (2) also gives 
improved yield of block copolymer. For example, block copolymers based on 
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hydrophobic monomers (for example, styrene, butyl methacrylate, etc.) and 60:40 
methyl metha^late-co^ethacr>4ic add conq>oimds (2) are readily synthesized in 
high yield and purity by emulsion polymerization. 

The low cost of the process means that purification of the block copolymer can 
be economically viable ^en this is necessaiy or desirable. Thus, lower yields of block 
copolymers can be tolerated than with other synthetic methods. 

The process of the invention is further illu^rated by the following Examples in 
^^di these abbreviations are used: 



10 



15 



20 



25 



30 



35 



EHMA 

n-BA 

BAc 

EAc 

GMA 

n-BMA 

t-BMA 

i-BMA 

BzMA 

EMA 

HEMA 

iPrOH 

MAA 

MEK 

MMA 

PhMA 

S 

pMS 
CHMA 
VAZO 52 
VAZO 88 
WAKO V A044 

ipiCo(III)DMG 



MeCo(III)DEG 



2-ethylhexyl methacylate 
n-butyl acrylate 
butyl acetate 
ethyl acetate 
glyddyl methacrylate 
/Mnjtyl methacr)date 
iert-hutyl methacylate 
iso-butyl methacr^te 
benzyl methacrylate 
ethyl methacrylate 
hydroxyethyl methacylate 
2-propanol 
methacrylic add 
methylethyl ketone 
methyl methacrylate 
phenyl methacrylate 
styrene 

p-methylstyrene 

cyclohexyl methacrylate 

2,2'-azobis(2,4dimethyIpentanenitrile) 

1 , r-azobis(cydohexanecarbonitrile) 

2,2-azobis(N,N'-dimethylend5obutyramidine) 

dihydrochloride 

[bis[m-[(2,3-butanedione dioximato)(2->-0:0*]] 
tetrafluorodiborato (2-) -N,N',N",N*] (1- 
methylethyl) (aqua) cobalt 
[bis[m-[(2,3-hexanedione dioxiinato)(2-)-0:0']] 
tetrafluorodiborato (2-) -KN^.N^.T^T] (meth>*) 
(aqua) cobalt 
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15 



yVAMPT Fji 1 - 9 

H^^hnefviic Acid ronolvmera bv Emulsion PoWmcTKatipn 
This is the basic recipe for sui&ctamless emulsion polymerization and 
illustrates the use of block copolymers as latex stabilizers. 
Preparation of Methacrylic Add-ftlocft-Methyl Methacrylate 

Water ''SO 8 

NaHCOa 0^51 g 

MAAi2-6/ocA:-BMA4 _ 0.376 g 

MAA Compound 2 (»H NMR: Mn 950) 10.07 g 

MMA 100 8 

4,4' azobis(4-cyanopentanoic add) 0. 140 g 

MMA 10.0 g 



The water was degassed in a multi-neck, 250 mL reactor under nitrogen for 
20 min. The solution was heated to 85»C. The sodium bicarbonate, block copolymer 
and MAA Compound 2 were added, and the solution was degassed for a fiirther 10 
min. The initiator and a portion of the MMA (1 .00 g) were added as single shots and 
20 the remaining MMA added as a feed over 90 min. The reaction mixture was held at 

SS'C for a fiirther 90 min. 

GPC: Mn 3010, Mw 4270; Dispersity 1 .42. 

The yield of block copolymer vs. 'homopolymer' formed by emulaon 
polymerization depends on the relative hydrophobicity of the compound (2) and 
25 monomer. The examples given in the table show that, for systems where this is a 
problem {e.g. MAA-A/ocit-BMA). the yield of block copolymer are improved by use 
of an appropriate cosolvent. 
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Table 1. Metlucrylic Add Block Copolymen by Emubion Polymerization* 

Monomer Cosolvent % block'* 
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1 


MMA 


none 


100 


2 


EMA 


none 


70 


3 


nBMA 


none 


45 


4 


nBA 


none 


20 


3 


MMA/BMAI:2 


none 


SO 


6 


MMA/BMA2:1 


none 


60 


7 


MMA//BMA triblo^ (1:2) 


none 


60 


8 


nBMA 


10 % 2-ethoxyetbanolc 


60 


9 


nBMA 


10 % 2-4nitoxvethattol(^ 


100 



'Methacry lie acid ] 
^^EsUmated by GPC. Remainder is Uock' homopolyiner 
7eed time increased to 270 min 
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EXAMPLES 10 -14 
Methacrylate Ester Based Block Copolymers 
Preparation oT Phenyl Melhacrylate-MocA-Butyl Methacrylate 
20 A. Preparation of PhMA compound (2) 





Water 


75 g 




SDS (1 wt% aq. solution) 


3g 




4,4'-azobis(4-cyanopentanoic acid) 


0.140g 


Monomer Shot: 


PhMA 


3.5 g 




MeCo(III)DEG 


15.0 mg 


Monomer Feed: 


PhMA 


31.7 g 




MeCo(III)DEG 


11.8 mg 



The water, initiator and SDS were combined and degassed under nitrogen in a 
30 multi-neclced 250 mL reactor. The mixture was heated to 80^C and the monomer shot 
added inmiediatdy. The monomer feed was added over 90 min. The temperature was 
increased to 8S^C and held for a fiuther 90 min. 
GPC: Mn 1 100 2400; Dispersity 2.18. 
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B. Preparation of PhMA-block-BMA 

PhMA compound (2) latex (33% solids)* 30 g 

Initiator Feed: K2S20g (0.2 wt% aq. solution) 56.8 mL 

Monomer Feed: nBMA ^8 
5 a. 0- 90 min 0.25 mL/min 

b. 90-180 min 0.50 mL/min 

*&omPait A 

The PhMA compound (2) latex (Mn 1 1 00. Mw 2400; Dispersity 2. 1 8) was 
10 heated to SO^C in a multi-neck 250 ml. reactor under nitrogen for 50 min. The 

initiator and monomer feeds were added concurrently over 180 min. Portions of SDS 

(1 g of a 10 wt% aqueous solution) were added hourly during the monomer addition. 

After monomer addition was complete the reaction temperature was increased to 85''C 

and held for a further 90 min. 
1 5 GPC: Mn 14500, Mw 33400; Dispersity 2.30 



Table 2. Methacryltc Ester Block Copolymers prepared by Emulsion Polymerization 



Example 


Compound 


2 Monomer 


Block Composition^ 


MnO 


Dispersity 


10 


PhMA 


nBMA 


(PhMA)7//(nBMA)94 


14500 


2.30 


11 


MAA 


MMA 


(MAA)ii//(MMA)i4^ 


3010 


1.42 


12 


MAA 


nBMA<^ 


(MAA)ii//(nBMA)22 


4030 


2.31 


13 


MMA 


nBMA 


(MMA)i9//(nBMA)46 


6700 


1.19 


14 


tBMA 


nBMA 


(tBMA)i7//(nBMA)24 


5780 


1.33 



Estimated from GPC 
25 '^GPC (polystyrene equivalenu) 
^estimated from NMR 
^10 % 2-butoxyetfaanol (see Table 1) 

30 EXAMPLES 15-19 

Narrow Polvdispersitv Polymers 

These examples illustrate the preparation of a polymer of relatively narrow 
polydispersity by emulsion polymerization. Polydispersities (> 1.5) arc narrower than 
expected by normal polymerization with chain transfer (2.0). The polydispersity 
3 5 typically narrows with increased monomer addition as shown in Table 3 . To achieve 
narrow polydisper^ties it is necessary to control the rate of monomer addition to 
maintain relatively high % solids (typically in range 70-95%) and a constant monomer 
concentration. 
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Preparation of Methyl Methaaybite-6£odfc-Butyl Methacrylate 

A. Preparation of MMA compound (2) 

Water 150 g 

SDS (3 wt% aq. solution) 6 g 

5 4,4 •azobis(4-cyanopentanoic add) 0.280 g 

Monomer Shot: MMA 7 g 

MeCo(III>DEG S mg 

Monomer Feed: MMA 63 .4 g 

MeCo(III)DEG 2.3 mg 

10 

The water, initiator and SDS were combined and degassed under nitrogen in a 
multi-necked 250 mL reactor. The mixture was heated to 80^C and the monomer shot 

added immediately. The monomer feed was added over 90 min. The temperature was 
increased to 85''C and held for a further 90 min. 
15 GPC: Mn 3500 M^ 5600; Dispersity 1.61. 
IHNMR: Mn3100 

B. Preparation of MMA-fr/iicA-BMA 

MMA compound (2) latex (33 %soUds)* 30 g 

Initiator Feed: K2S2O8 (0.4wl % aq. solution) 28.4 inL/90 min 

20 Monomer Feed: nBMA 20g^90min 

*fiom Part A 

The MMA compound (2) was heated to 80**C in a multi-neck 250 mL reactor 
25 under nitrogen for 30 min. The initiator and monomer feeds were added concurrently 
over 90 min. The monomer and initiator additions were then repeated until a total of 
100 g BMA was added. Portions of SDS (1 g of a 3 wt% aqueous solution) were 
added hourly during the monomer addition. After monomer addition was complete 
the reaction temperature was increased to 85X and held for 90 min. 
30 GPC: Mn 23800, Mw 33100; Dispersity 1.39 
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Tabk 3: Variation in Molecular Weight and Polydispersity with Monomer Addition 

(compound (2) » PMMA) 





£xanQ)le Monomer 


monomer (k) 


Mn^ 


M«/Mn 


Mn(calc)«> 




15 BMA 


0 


3300 (3100*') 


1.6 




5 




20 


8300 (9700) 


1.5 


9300 






40 


13200 (15400) 


1.4 


15500 






60 


17700 (20100) 


1.3 


^ 1 'VAA 

21700 






80 


tAAAA 

200(Xl (23600) 


1.3 


^ AAA 

27SKlO 






lUU 


23800 (28100) 


1.4 


34300 


10 














16 MMA 


0 


1850 (2100) 


1.5 








ICQ 

13.8 


3800 (4320) 


1.4 


^QAA 

4800 






24.2 


4770 (5300) 


1.4 


6300 






31.6 


5740 (6500) 


1.5 


7700 


15 




63.1 


9790 (11200) 


2.7 


13500 




17 MMA 


0 


3260 (3700) 


1.5 








11.8 


9900(11300) 


1.4 


10900 






19.0 


13700 (15700) 


1.5 


156(X) 


20 




35.2 


22100 (25300) 


1.6 


26200 






52.9 


31300 (35900) 


1.8 


37700 






65.8 


37600 (43200) 


2.1 


46100 




18 BMA 


0 


2000^ 


l.o 




25 




25.7 


6700 (7900) 


1.2 


8000 






33.6 


8400(9900) 


1.2 


9900 






30. J 


12300 (143UO) 


1.2 








59.8 


14900 (17o00) 


1.2 


iDlOO 






67.1 


« ^ OAA ^ < AOAAV 

16800 (19800) 


1.2 


17800 


30 




88.2 


18400 (21700) 


1.4 


22800 




20 EHMA 


0 


2050C 


1.7 








20 


4900 


1.5 


4800 






40 


7100 


1.4 


7600 


35 




60 


10500 


1.3 


10400 






78 


11800 


1.3 


12900 



HS?Q "^t^iia^ weight in polystyiene equivalents (values obtained by applying universal calibration 
in parentheses). Numbers rounded to nearest hundred. 
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^^Mii-(tmonoaiigrl/{c ouip cj uii d (2)1 x m on o mftr Mn) compomid (2) Ma. DisenpandeB 

ca\at\aimA and foimd Mn may reflect prednon of o ompcmnd (2) oonoe&tiation. 
^MnofPMMA. 



Triblock CoDolvmers 

These exanq>les iUustnUe the synthesis of an ABA triblock copotym The 
procedure is compatible with at 'one— pot' operation. 

10 Preparation of MMA-fr/ocAr-BMA-i/ocft-MMA. 

A. Preparation of MMA-ftlocA-BMA 

MMA compound (2) latex^ 30 g 

SDS (3 wt% aq. solution) 1 g 

LaittatCM' Feed: (0.3 16 mL/min) K2S20g (0.36wt % aq. solution) 40.8 g 

IS Monomer Feed: (0.218 mL/min) nBMA 25.2 g 

(*ca. 32 % solids, Mn 2040, Dispersity 1.5 1, prepared with iPrCo(III)DMG procedure 
similar to Example 15» part A) 

20 The MMA compound (2) latex and SDS was placed in a multi-neck 250 mL 

reactor, degassed under vacuum, then heated to 80°C under nitrogen. The initiator 
and monomer feeds were added concurrently over 130 min. After monomer addition 
was complete the reaction was held at 80°C for 90 min. A shot of surfactant was 
added (Ig of 3 wt% aq. solution of SDS) at 60 min intervals. 

25 GPC: Mn 6650, Mw 8400; Dispersity 1 .26. 

B. Preparation of MMA-6/adfc-BMA-^/ocik-MMA 

MMA-block-BMA compound (2) latex* 30 g 
SDS (3 wt% aq. solution) 1 g 

Initiator Feed: (0.3 16 mlVmin) K2S2Q8 (0.36wt % aq. solution) 2 1.5 g 
30 Monomer Feed: (0.119 mL/min) MMA 7.5 g 

(*ca. 32 % solids, from part A) 

The MMA compoimd (2) latex and SDS was placed in a multi-neck 250 mL 
reactor, degassed under vacuum, then heated to 80^C under nitrogen. The initiator 
35 and monomer feeds were added concurrently over 68 min. After monomer addition 
was complete the reaction was held at 80^C for 90 min. A shot of surfactant was 
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added (1 g of 3wt % aq. solution of SDS) at 60 min intervals. The conversion based 
on % solids was 98%. 

GPC: Mn 12660, Mw 16590; Dispersity 1.35 



Table 4. Emulsion Triblock Copolymeri 







Macromonomer 




Blodc 


Example 


Stcp:Monoiiier 


Compowtioii 




Dispersity 


M„* 


Dispetsity 


20 


1:BMA 


MMA 


2040 


1.31 


6630 


1.26 




2:MMA 


MMA-^todk-BMA 


6630 


1.26 


12660 


1.33 


21 


1:BMA 


MMA 


3500 


1.62 


23800 


1.39 




2:MMA 


MMA-6/ocfc-BMA 


23800 


1.39 


26200 


1.32 



a<jPC (polystiyrene equivalents) 



EXAMPLE 22 
•One Pot' Synthesis of (MMA-co-MAA)-6/ocA-BMA 
These examples illustrate a 'one-pot' synthesis of compound (2) and block 
copolymer by emulsion polymerization. 



A. Preparation of MMA-co-MAA compound (2) 



25 





Water 


120.00 g 




MAA-A/odt-BMA 


2.87 g 


Solution 1 : 


iprCo(ni)DMG 


7.5 mg 




WAKO VA-044 


0.33 g 




MMA 


4.0 g 


Feed 1: 


MMA 


42.14 g 




iprCo(IIDDMG 


15.0 mg 


Feed 2: 


MAA 


15.60 g 




a. 0-20 min 


0.137 mL/min 




b. 20-40 min 


0.276 mL/min 




c. 40-60 min 


0.356 mL/min 



The MAA-Wocit.BMA(stabilizer/suifiictantywater mixture was heated to 
58°C in a multi-necked 500 mL reactor under nitrogen for 30 min. Solution 1 wi 
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added and the monomer feeds were added concurremly ova 60 min. On completion 
of the monomer addition the reason temperature was increased sioi^ to 80^C. 
GPC: Mn 880, Mw 1400; IHsperstty 1.59 

B. Preparation of (MMA-co-MAA)-£lacA- BMA 



S MMA/MAA Conq>ound 2 latex from part A 

NfAA-fr/odt-BMA 0.288 g 

water 9.3 g 

K2S2O8 0.224 g 



10 Initiator Feed: K2S2O8 (1 .25% aq. solution) 28,4 mL 

Monomer Feed: nBMA 12 g 



The MNfA/MAA compound (2) latex from Part A was held at 80''C for 40 min 
15 under nitrogen. MAA*b-BMA (surfiutant) was added and the reactor degassed for a 
fiirther 20 min. The initiator was then added as a single shot. The initiator and 
monomer feeds were added concurrently over 90 min. On completion of the feeds the 
reaction temperature was held at 80^C for 30 min and then increased to 85X for 90 
min. 

20 GPC; Mn 3090, Mw 5370; Dispersity 1.74 



EXAMPLES 23 - 36 

Synthesis of block copolymers in solution 

25 The following examples illustrate the synthesis of block copolymers from 

methacrylate compounds (2). 

Preparation of (MMA-C£^MAA) -Mack-BMA 

MMA-co-MAA Compound 2 (Mn 1031; Dispersity 1.53) 10.0 g 



xylene 30.0 g 

30 t-butyl peroxybenzoate 0. 1 g 

Feed One: n-butyl methacrylate 10.0 g 

Feed Two: t-butyl peroxybenzoate 0.2 g 

35 xylene 10.0 g 
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The conq>oimd (2) and initiator were dissolved in the solvent and heated to 
reflux under nitrogen. The monomer and initiator feeds were added concurrently over 
180 min. After completion of the feeds, the mixture was heated under reflux for a 
fiuther 180 min. 
5 Conversion: > 95%. 

GPC: Mn 1 890, Mw 2640; Dispersity 1 .40 



Table S. Solution Block Copolymers from Methacylate Monomen 



Compound (2) Block 



Ex. 


MOIL 


Kr 


SkOIVCul 




M*. 
ivin 








23 


nBMA 


46 


iPiOH 


MAA9 


880<= 




2400O 


1.50 


24 


nBMA 


46 


iPiOH 


MAA9 


880^ 




3050^ 


1.33 


25 


nBMA 


46 


EtOH 


MAA9-CD-BMA5 


1620<1 


2.2 


2320** 


2.47 


26 


BzMA 


47 


iPiCM 


MMA20<o-MAA5^ 


2460*> 


1.23 


6020'» 


1.63 


27 


BzMA 


47 


iPiOH 


MMA10<o-MAA5 


1600l» 


1.71 


5520^ 


1.80 


28 


BzMA 


47 


iPiOH 


BMA10-OD-MAA5 


2040'» 


2.56 


6070l> 


1.69 


29 


BzMA 


47 


iPiOH 


EHMA 10-CO-MAA5 


1900l» 


1.62 


4020l> 


1.61 


30 


MMA-BMA^ 


46 


iPiOH 


MAA9«€o-BMA5 


1620<1 


2.2 


2950<1 


1.S1 


31 


MMA-BMA^ 


46 


iPiOH 


MAA9-ii/Dci;r-BMA5 


2400<1 


1.50 


2790*1 


1.8S 


32 


MMA-BMA^ 


46 


iPiOH 


MAA 


86OC 




3060l> 


1.64 


33 


MMA 


46 


iPiOH 


HEMAn 


1550*1 




3620<* 


1.83 


34 


MMA 


48 


xylene 


MMA-co-MAA 


103 ll' 


1.53 


2640h 


1.40 


35 


nBMA 


23 


xylene 


MMA 


890l> 


1.97 


1340*> 


1.78 


36 


MMA 




BAc 


MMA-co-MAA 


1031*» 


1.53 


2068^ 


1.38 



^ "recipe", similar to that of the Example referred to by number. Ail reactions were carried out 

at reflux. Conversions were typically >85% 
1*GPC (polystyrene equivalents). 
%DmNMR. 

<kjPC (PMMA equivalents). 

^Compound (2) prepared by emtilsion poljmaerizatioa 
^1:1 mole ratio oomoncHners. 



10 

EXAMPLES 37>4S 

Synthe^s of block copolymers in solution 

For monosubstituted monomers higher block piirity is found when higher 
reaction temperatures are used. At low temperatures graft copolymer formation may 
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dominate. Xylene and butyl acetate or other solvrats with similar boiling point are 



preferred for block synthesese with monosubstituted monomers. 

Preparation oT (MMA-ah-MAAyblock^BA 

Con4>oimd 2 (Mn 1031; Dispersity 1.53) 8.88 g 

S Xylene 37.8 g 

t-butyl peroxybenzoate 0. 1 g 

n-butyl acrylate 1.6 g 

Feed: t-butyl peroxybenzoate 0. 16 g 

10 n-butyl acrylate 9.5 g 



The compound (2) and initiator were dissolved in the solvent and heated to 
reflux imder nitrogen. The monomer and initiator feed was added over 1 80 min. 
After completion of the feeds, the mixture was heated under reflux for a fiirther 180 
15 min. 

Conversion; > 95%. 

GPC: Mn 1760, Mw2710; Dispersity 1.54 

Table 6. Solution Block Copolymers from Monosubstituted Monomers 



Compottnd(2) Blodc 



Ex. 


Mod. 


R> 


Solvent 


Composition 


Mn 


Dtsp. 


Mn 


Disp. 


Purityh 


37 


BA 


37 


xylene 


MMA-co-MAA 


103 


1.53 


1160^ 


1.54 


>80% 


38 


BA 


46 


iPiOH 


MAA9 


880C 




2620<* 


2.45 


>50%c 


39 


BA 


37 


BAc 


MMA-<x>4wlAA 


103 


1.53 


2683d 


1.76 


>80% f 


40 


BA 


23 


xylene 


MMA 


MO^ 


1.97 


2100^ 


2.05 


>70% 


41 


5 


46 


iPiOH 


MAA 


S80C 




1890*1 


2.10 


>50%« 


42 


S 


37 


BAc 


MMA 


1640d 


2.22 


2530^ 


2.37 


>70% 


43 


S 


37 


BAc 


nBMA 


lOSOd 


2.04 


465ad 


2.79 


>70% 


44 


s 


37 


BAc 


tBMA 


2620^ 


2.62 


362a<* 


2.20 


>70% 


45 


s 


23 


xviene 


MMA 


840d 


1.97 


1780<: 


2.04 


>70% 



20 ^» "recipe", similar to that of the Exan^ie icfened 10 by number. Ail reactions were carried out at 
reflux. Conversions were typically >85% 
l^from comparison of GPC and NMR molecular weights 
%omNMR 

dcPC (potystyrene eqoivalents) 
25 ^evidence of reducd blodc copolymer formation 
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Preparation of MAA-A/ocfc-BMA 

methacaylic add Compound 2* 1 5 g 

isopropanol 62.8 g 

S azobis(isobutyronitnle) 0.32 g 

acetone 2 mL 

Feed: n-butyl methacrylate 14.3 g 

*(MAA compound (2) having Mn 1040 and I>iq)ersity 1.80). 

10 

The compound (2) and solvent were heated to reflux (ca. 80^C) under 
nitrogen. The initiator (dissolved in acetone) was added as a single shot and the 
monomer feed added over 1 80 min. After 90 min the initiator was replenished (0. 16 g 
AIBN/ 1 mL acetone). After completion of feed the mbcture was heated under reflux 
15 for a further 150 min. 
Conversion: > 87 % 

GPC: Mn 2580, Mw 4900; Dispersity 1.90. 



20 EXAMPLE 47 

This example shows the successful 20-fold scale up of Example 46. 
Preparation oTMAA-block-BMA 

methacrylic acid compound (2)* 200 g 

isopropanol 1000 mL 

25 azobis(isobutyronitrile) 4.01 g 

Feed: (I mL/min) n-butyl methacrylate 326.1 g 

♦(Mn from NNfR 1204). 

30 

The compound (2) and solvent were place in a 2 L multinecked fUsk equipped 
with mechanical stirrer, degassed, and heated to reflux (ca, 80^C) under nitrogen. The 
initiator was added as a single shot and the monomer feed commenced. At ca. 90 min 
intervals the initiator was replenished (2 g shots of ATON). On completion of feed, 
35 the mixture was heated under reflux for a fiuther 150 min. 
Conversion: > 95 % 

GPC: Mn 3532, Mw5 102; Dispersity 1.45 
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EXAMPLE 48 

This example illustrates the synthesis of hydroplulic-hydrophobic block 
copolymers based on methacyiate ester-metliacrylic add copolymers by sohition 
polymerization. 

A* Preparation of MAA-co-BMA Compound (2) 



Isopropanol 


20.06 g 


MAA 


1.21 g 


nBMA 


3.86 g 


2,2*-azobis(2'butanenitriie) 


0.25 g 


Shot: IPiCo(III)DMG (0.35 wt% in isopropanol) 


7.5 mL 




0.140 g 


Feed 1: (0.128 mUmin) IPrCo(IIDDMG (0.33 wt% in isopropanol) 


30.7 mL 


Feed 2: (0.224 mL/min) MAA 


11.40g 


nBMA 


37.85 g 



20 

The isopropanol was degassed under nitrogen in a multi-necked 250 mL 
reactor equipped with a mechanical stirrer. The monomers were then added and the 
mixture and heated to reflux (SO^C). The shot was then added and the feeds added 
over 240 min by syringe pumps. Further initiator (0. 125 g) was added at 120 min and 
25 240 min. On completion of the feeds the temperature was held at BO^^C for 90 min. 
The conversion based on % solids was > 85%. 
NMR composition: MAAs-co- BMAi i 

GPC(PMMA equivalents): Mn 2040, Mw 5210; Dispersity 2.56 

B. Preparation of MAA-co-BMA^toc*-Benzyl Methaciylate 
30 MAA-co-nBMA compound (2) 

solution* (60 wt% in isopropanol) 30.0 g 
isopropanol 9.98 g 

2,2'-a2X>bis(2-butanenitrile) 0.092 g 

35 Feed: (0.202 mUmin) BzMA 18 0 g 

isopropanol 1^0 g 

^frmPait A 
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The compound (2) solution and isopropanol were placed in a multi-neck 250 
mL reactor fitted with a mechanical stirrer, d^assed then heated to 80**C imder 
nitrogen. The initiator was added and the monomer feed commenced and added over 
180 min by syringe pump. Further aliquots of initiator were added at 90 min (0.049 g) 
5 and 180 min (0.087 g). The reaction was held at 80*C for a fiiither 90 min. The 
conversion based on % solids was >94%. 

NMR composition: MAAs-co- BMAi i-block-BzMA20 

GPC(PMMA equivalents): Mn 6070, Mw 9770; Dispersity 1.61 



10 
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EXAMPLE 49 

This example illustrates the synthesis of a hydrophilic-hydrophobic block 
copolymer based on HEMA by solution polymerization. 

A. Preparation of Hydrozyethyl Methacrylatc Compound (2) 





Water 


75 g 


Shot: 


HEMA 


3.5 g 




iPrCo(III)DMG 


4 mg 




4,4*-azobis(4-cyanopentanoic acid) 


0.140 g 


Feed: 


HEMA 


31.7g 




iPiCo(III)DMG 


4.4 mg 



20 



The water was degassed under nitrogen in a multi-necked 250 mL 
25 reactor equipped with a mechanical stirrer and heated to SO^C. The initial shot was 
then added and the momomer feed was added over 90 min by syringe pump. On 
completion of the feed fiuther initiator (0.070 g) was added and the temperature was 
held at sec for 180 min. The conversion based on % solids was > 90%. NMR: Mn 

1550 

30 B. Preparation of Hydroiyethyl Methacrylate-Woc*-Methyl Methacrylate 

HEMA compound (2) solution (30% in water)* 30 g 
isopropanol 8 
azobisisobuyronitiile 0. 1 9 g 

35 Monomer Feed: HEMA 15.5 g 

•from Part A 
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The HEMA compound (2) and isopropanol were placed in a multi-neck 2S0 
mL reactor fitted with a mechanical stirra*. degassed under vacuum, then heated to 
80^ under nitrogen. The initiator was added and the monomer feed commenced and 
added over 120 min by syringe pump. Further aliquots of initiator were added at 90 
min (0.09 g) and 1 80 min (0.07 g). The reaction was held at 80*'C for a fiuther 90 
min. The conversion based on % solids was > 90%. 
GPC: Mn 3620, Mw 6650; Dispcrsity 1.83 



EXAMPLES 50-52 

This procedure illustrates the preparation of blocks fi'om compounds (2) 
prepared with addition-fragmentation transfer agents in emulsion polymerization. Use 
of these reagents allows a wide range of end-group functionality to be introduced into 
15 the final produa. 

The recipe is compatible with a one-pot synthesis of block-copolymer from 
transfer agent and monomers. 

Preparation of Methyl Methacrylate-MocJk-Butyl Methacrylate 



CH2— S-aCM3)3 ^CH2— S"aCH3)3 

CO2B "<pj, 

(4) (5) 



A. Preparation of MMA compound (2) 

20 Water 37.5 g 

SDS (3 % aq. solution) 3 g 

Shot: MMA 156 g 

allyl sulfide 4 0.078 g 

25 4,4'-azobis(4-cyanopentanoic add) 0.071 g 

Feed 1: (0.188 mL/min) MMA 14.04g 

allyl sulfide 4 0.668 g 

30 Feed 2: (0.188 mUmin) MMA Sg 
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The water, SDS were combined and degassed under vacuum in a multi-necked 
250 mL reaaor equipped with a mechanical stirrer. The mixture was heated to 80**C 
under nitrogen and the shot added. Feed 1 was added over 80 min by syringe pump. 
Feed 2 was then added over 28 min. On completion of the feeds the temperature was 
5 held at SO^'C for a further 90 min. The conversion based on % solids was 98%. 
GPC: Mn 5520 Mw 8770; Dispersity 1.59. 

B. Preparation of MMA-Modk-BMA. 

MMA compound (2) latex 27. 1 g 

(ca. 32 % solids)* 

1 0 SDS (3 % aq. solution) 1 .0 g 

Initiator Feed: (0.3 16 mUmin) K2S2O8 (0.36 wt % aq. solution) 23.7 g 
Monomer Feed: (0.218 mL/min) nBMA 15.5 g 

15 

^firomPait A 

The MMA compound (2) latex and SDS was placed in a multi-neck 250 mL 
reactor, degassed under vacuum, then heated to 80**C under nitrogen. The initiator 
20 and monomer feeds were added concurrently over 70 min. After monomer addition 
was complete the reaction was held at 80**C for 90 min. The conversion based on % 
solids was 98%. 

GPC: Mn 12600, Mw 17200; Dispersity 1 .36 
25 Table 7. Block Copolymers by Emulsion Polymerization 



Tiansfer Compound (2) Block 

Example Monomer Agent* ComposiUoD Mn*^ Ptsp. Mrf* Disp. 



50 


nBMA 


4 


MMA 


5520 


1.59 


12600 


1.36 


51 


MMA 


4 


nBMA 


5300 


1.57 


7300 


1.43 


52 


nBMA 


5« 


MMA 


5450 


1.57 


24700 


1.46 



^Compound (2) prepared with addttion-fragmentation transfer agem in dicated 
bCPC (polystyrene equivalents). 
^Compound (2) synthesis carried out at 90^C 



EXAMPLES S3 > 56 

This procedure illustrates the preparation of blocks from compounds (2) 
prepared with addition-fiagmentation transfer agents by solution polymerization. Use 
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of these reagents allows a wide range of monomers to be used and permits various 
nd-group fimcttonality to be introduced into the final product. 

Prepmnition of Stsrrene-AXddir-p-methylstyrene 
A. Preparation of Stjrrcne compound (2) 

Styrme 30.10 g 

Butyl acetate 10.03 g 

allyl sulfide 4 1.63 g 



Feed 1: (0.210 mL/min) 



10 



Styrene 
all^ sulfide 4 



39.98 g 
6.67 g 



Feed 2: (0.063 mL/min) 



1 , r-azobis(4-cyclohexanecarfoonitrile) 0.283 g 
Butyl acetate 20.01 g 



IS The styrene solution was degassed under nitrogen in a multi-necked 2S0 mL 

reactor equipped with a mechanical stirrer. The mixture was heated to reflux (12S^C) 
under nitrogen and the feeds added over 240 min by syringe pump. The compound 
(2) was isolated by two precipitations imo acidified methanol. The conversion based 
on isolated compound (2) was 50%. 

20 GPC: Mn 1 880 Mw 2950; Dispersity 1 .57. 

B* Preparation of Styrene-&2acA«p-Methylstyrenc 

Styrene compoiind (2)^ 4.02 g 

Butyl acetate 3.53 g 

p-Methylstyrene 0.46 g 

25 

Initiator Feed: (0.0 1 77 mL/min) 1 , r-azobis(4-cyclohexanecarbonitrile) 0. 1 08 g 

Butyl acetate 25.13 g 

Monomer Feed: (0.0132 mL/min) p-Methylstyrene 19.01 g 

30 

from Part A 



The styrene compound (2) and butyl acetate were placed in a muhi-neck 100 
mL reactor imder nitrogen and heated to reflux (ca. 125X). After 10 min, the p- 
35 metfa^styrene was added. The initiator and monomer feeds were then commenced 
and added over 24 h. The conversion based on monomer consumption was 84%. 
GPC: Mn 9500, Mw 24620; Dispersity 2.59 (includes compound (2) peak) 
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Table 8. Styraic Block Copolymcn by Solution Polymerization 







Trasder 


Compmittd (2) 






Block 




Example 


Monmier 


Agent* 




P«P 




Disp. 


Solvent 


% Conv.^ 


53 


pMS 


4 


1S80 


1.59 


17260 


1.61 


BAc 


90 


54 


nBMA 


4 


1880 


1.59 


9120 


1.43 


MEK 


80 


55 


nBMA 


4 


1880 


L59 


17930 


1.62 


BAc 


60 


56 


nBMA 


5 


2330 


1.55 


16870 


1.42 


MEK 


50 



Hlmtpoaad (2) firepaied with addttion-tagmemation transfer agent indicated 
^CPC (polystyrene ectuivalents). 

^appiox co n v ers ion of compound (2) to blodc. Monomer conversion is >85%. 



5 FXAMFLES S7 - 64 

These examples describe a generalized process for the preparation of narrow 
polydispcrsity block copolymers and homopolymers by solution polymerization using 
vinyl compounds (2) selected from methacrylate dimers and trimers. 

The general procedure for the polymerization is to slowly add the 
1 0 selected monomcr<s), (i), and free radical initiator Oii) to the unsaturated transfer 
agent (2) at a rate to avoid excessive buildup in monomer concentration. A small 
amount of monomer(s) can be added to the transfer agent before the start of 
polymerization. 

The polymerization reaction is started by heating the reactor contairung (2) to 
15 the desired temperature and starting the gradual and continuous feeds of monomcr(s) 
and free radical initiator. 

The length of the polymerization time is dependant upon the 
temperature chosen and the molecular weight of the polymer desired Higher 
temperatures allow for faster monomer feed rates and shortened times. 
20 The choice for initiator depends upon the temperature used. It is convenient 

to add the initiator either in a solvent or mixed with some of the monomer(s) by means 
of a controlled rate feeder pump. When no solvent is used, the polymerization runs 
under bulk conditions at a well controlled rate. 

In this process, the amoimt of initiator does not limit the polymer molecular 
25 wdght. Reaction of unsaturated ends of (2) controls the degree of polymerization. 
The total number of moles of free radical inhiator is generally set to be less than 15- 
20% of the number of moles of (2) used in the process. 

The following Tables illustrate some of the specific polymers and 
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their conilttions for polymerization vAdch have been pracdoed using this procedure. 



Table 9: Solution Process Conditions 



Ex. 


Vinyl 
TiansfiBr 
Agent 


Mononier(s) 


Temp. 

•c 


TnitintrtT 


PQlymenz. 
Timehr 




57 


MMA3 
100 gm 


MMA 
500 gm 


60 


VAZ0 52 
4 29 

300mlEAc 


29.8 


25gmMMA 
at start 


58 


MMA3 
90 gm 


30:70 

GMA/CHMA 
1400 gm 


60 


VAZ0 52 
13.1 gm 
386ml£Ac 


30 


36 gm 

mooomcr ™^ 
at start 


59 


MMA3 
SOgm 


GMA 

322 ffm 
50:50 

MMA/BMA 
710 gm 


60 


VAZ0 52 
10.4 gm 
290ml£Ac 


29.4 


16gmGMA 
at start 

add GMA then 
MMA/BMA mix 


60 


^ffMA3 
200 gm 


30:70 

GMA/MMA 
1115 gm 


100-132 


VAZOSS 
12.5 gm 
228 ml BAc 


9.7 


50 gm 

monomer mix 
at Stan 


61 


GMA2 


15.6:g4.4 
GMA/MMA 
1460 gm 


120 


VA2X)88 
21.7 gm 
346 ml BAc 


16.6 


15 gm 

monomer mix 
at start 


62 


GMA2 


12:26:62 

IBMA/GMA/MMA 
557 gm 


130 


VAZ0 88 
11.6 gm 
204 ml BAc 


11.5 


5 gm 

monomer mix 
at start 


63 


GMA2 


23:20:57 

BMA/GMA/MMA 
755 gm 


120 


VAZ0 88 
12.8 gm 
203 ml BAc 


24 


2 gm 

mooomermix 
St start 


64 


GMA2 


10:32:58 

IBMA/GMA/MMA 
455 gm 


140 


t*butyl- 
6.8 VJTi 


9 9 


13 gm 
SI sum 



Table 10 summarizes the polymerization illustrated in Table 9 
Table 10: Simunary of Narrow Polydispersity Polymers Made by Solution Process 



Example 




MnrtwGPa 




57 


MMAn 


2700 


1.58 


58 


MMA2//GN4AniCHMAiiMMAp//MNfA 


4970 


1.44 


59 


MMA2//GMAm//MMAnBMAi//MMA 


6800 


1.48 


60 


MMA2//C9k4>WwIMAii//MMA 


2170 


1.44 


61 


CawIA//MMAmGMAi|//GMA 


3360 


1.45 


62 


CBHAy/MMAmlBMAa GMAp//GMA 


3420 


1.3 


63 


CBvIAZ/MMAmBM^ GMAp//GMA 


4560 


1.49 


64 


GMA//MMAmBMAn CMAp//GMA 


2880 


1.45 
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CLAIMS 



1 . A process for the synthesis of polymers of the goieral formula: 



-<; 



.CH2--|— CH2- 



m 



i 



Jn 



1 



comprising contacting: 

(i) a vinyl monomer of the fonnula 

CH2-CUV 

(ii) a vinyl-terminated compound of formula 



-CHr-z 



Jn 



and 

(iii) free radicals, produced from a free radical source; and 
1 0 increasing the moiar amount of polymers by one or both of: 

(a) decreasing the molar amotmt of (iii) for any given conversion of (i); 
and 

(b) decreasing the molar amount of (i) for any given conversion of (iii); 
wherein: 

15 Q is selected from the group H, R, OR, OjCR, halogen, CO2H, CO2R, CN. 
CONH2, CONHR and CONR2; 
U is selected from H and R; 

V is selected from R, OR, O2CR, halogen, CO2H, CO2R, CN, CONHj, 
CONHR and CONR2; 

20 X is selected from H and R; 

Y is selected from R, OR, O2CR, halogen, CO2H, CO2R. CN, CONH2. 
CONHR and CONR2; 

Z b selected from the group H, SR.K S(0)R, S(0)2R. R^ and R3; 
R is selected from the group substituted and imsubstituted alkyl, aryl, aralkyl, 
25 alkaryi and organosilyl groups wheron the substituent(s) are independently 
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sele ct ed from the group cartwxyl, epoxy, hydroxyl, alkoxy. amino and 
halogen; 

is selected from the group H» substituted and unsubstituted alkji, aiyl, 
aralkjd^ allcaiyl, organosilyl iisdterdn the substituent(s) are independently 
5 selected from the group carboxyl, epoxy, hydroxy!, alkoxy, amino and 

halogen; 

r2 is selected from the group free radical initiator-derived fragments of 
substituted and unsubstituted alkyl, cydoalkyU aiyl, aralkyl, alkaryl, 
organosit^ alkoxyalkyi, alkoxyaryi, sul&te groups wherein the substituent(s) 
10 are independently selected from R, OR^ O2CR, halogen* CO2H (and saks), 

CO2R, CN. CONH2, 

CONHR, CONR2. — JO^ (and salts) and (and salts); 

R^ is selected from the group radical chain transfer agent-derived fragments of 
substituted and unsubstituted alkyl, cydoallcyl, aryl, aralkyl, alkaryl, 
1 S organosUyt alkoxyalkyi, alkoxyaryi, and PR2 groups wherein the 

8ubstituent(s) are independently selected from R, ORl, SR, NR2. NHR, 
O2CR, halogen. CO2H, COjR, CN, CONHj, CONHR, and CONRj; 
m and n are independently > 1; and 

when either or both of m and n are greater than 1, the repeat units are the same 
20 or different. 



2. A process according to Claim 1 wherein (i) is seleaed from one or more 
of following monomers, methyl methacrylate, ethyl methacrylate, propyl 
methacrylate, butyl methacrylate, 2-ethylhexyl methacrylate, isobomyl 

25 methacrylate, methacrylic add, benzyl metha^late, phenyl methacrylate, 

methacrylonitrile, alpha methyl styrene, methyl acrylate, ethyl acrylate, propyl 
acrylate, butyl acrylate, 2-etfaylhexyl acrylate, isobomyl acrylate, acrylic acid, 
bemyl acrjdate, phenyl aciylate, acrylonitrile, styrene, fimctional methacrylate, 
acrylates and styrene sdected from glyddyl methacr>date, 2-hydroxyethyI 

30 methacrylate, hydroxypropyi methacrylate, hydroxybutyl methacrylate, 

dieth}daminoeth^ methacrylate, triethyleneglycol methacrylate, itaconic anhydride, 
itaconic add, glyddyl acrylate, 2-hydroxyetlqd acrjdate, hydroxypropyi acrylate, 
hydroxybut^ acrylate, dieth^aminoeth^ acrylate, trieth^enegtycol acr^ate, 
nwthacrylainide, N-tert'4>ut^ methaci^axnide, N-n-butyl methacr^amide, N- 

35 methyi-ol methacr^amide, N-eth^-ol methacrylamide, N-tert*butyl acr^amide, N- 
n-butyl acrylamide, N-metfa^-ol acrylamide, N-ethyl-ol acrylamide, vinyl benzoic 
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add, dicthyiamino styrene, alphamethylvinyl benzoic acid, diethyiamino 
alphamethylstyrene, pani-methylstyrene, p-vinyl benzene sulfonic add, 
trimcthoxysilylpiopyl methaciylate, triethoxysilylpropyl methaoyiate, 
tributoxysilylpropyi mcthacrylale, dimethoxymethylsilyipropyl methacrytate. 
diethaxymethylsilyipropyi methaaytote, dibutoxymethylsUylpropyl methacrylate, 
diisopropoxymethyisUylpropyl methaciylate, dimethoxysilylpropyl methaciylate. 
diethoxyalylpropyl methacr^e, <Ubutoxyalylpropyl methaciylate, 
diisopropoxysilyipropyl methaciylate, trimethoxysUylpropyl aciylate, 
triethoxysilylpropyl aciylate, tributoxysUylpropyl aciylate, 
dimethoxymethylsilyipropyl acrylate. dicthoxymethylsilylpropyl acrylate, 
dibutoxymethylsUylpropyl aciylate, diisopropoxymethylsUylpropyl aciylate, 
dimethoxysUylpropyl acrylate, diethoxysDylpropyl aciylate, dibutoxysUylpropyl 
aciylate, diisopropoxysUylpropyl acrylate, vinyl acetate, and vinyl butyrate, vinyl 
chloride, vinyl fluoride, vinyl bromide. 

3 A process according to Claim I wherein (ii) is selected where Q, -XYC- 
CH2-, Z and "n" are independemly selected from one or more of the following: 
Q = H, methyl, ethyl, butyl, cyclohexyl, methoxy. ethoxy, propoxy, butoxy, 
phenoxy, acetate, propionate, butyrate, benzoate, carixjxylate, chlorine, 
bromine, fluorine, iodine, nitrile, amide, N-methylamide, N-cthylamide, N- 
propylamide, N,N-dimethylamide. N,N-diethylamide. N.N-dibutylamide, N- 
methyl-N-cthylamide, carboxylate ester of methyl, ethyl, propyl, butyl, 
benzyl, phenyl. 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxypropyl, 4- 
hydroxy-butyl. 3-hydroxybutyl. 2-hydroxybutyl. 3-trimethoxysilylpropyl. 3- 
triethoxysilylpropyl, 3-tributoxy-silylpropyl, 3-tri(isopropoxy)silylpropyl, 2- 
aminoethyl. 3 -amino-propyl, 2-aminopropyl. 4-aminobutyl, 3-anunobutyl, 
2-aminobutyl, 2-epoxypropyl, or 3-epoxypropyl; 
-XYC-CH2- = derived from one or more of the following monomers: methyl 
methaciylate, ethyl methaciylate, propyl methacrylate, butyl methaciylate, 
2-ethylhexyl methacrylate, isobomyl methacrylate, methacrylic add, benzyl 
methacrylate, phenyl methacrylate, methaciylonitrile, styrene, alpha methyl 
styrene, glyddyl methacrylate, 2-hydroxyethyl methaciylate, hydroxypropyl 
methacrylate, hydroxybutyl methaciylate, diethylaminoethyl methaciylate, 
triethyleneglycol methacrylate, N-tert-butyl methacrylamide, N-n-butyl 
methacrylamide. N-methyl-ol methacrylamide, N-ethyl-ol methacrylamide, 
trimethoxysUylpropyl methaciylate, triethoxysUylpropyl methacrylate, 
tributoxysUylpropyl methaciylate, dimethoxymethylsUylpropyl methacrylate, 
diethoxymethylsUylpropyl methacrylate, dibutoxymethylsUylpropyl 
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methacrylate, diisopropoxymethylsilylpropyl mftfhacryiate, 
dim^oxysitylpropyl methao^ate, diethoxy^lylpropyl methacrylate, 
dibutoxysilylpiop^ methacrylate» diisopropoxysil^propyl methaciylate; 
methyl acr^ate, ethji aa:^e, prop^ acrjdate. butyl aoylate, 2-eth)dhexyl 
S acr^ate, isc^myl acrylate, acrylic acid, benzyl acrylate; phenji acrylate, 

aoyionitrile, styrene, glyddyl acryiate, 2-hydroxyethyl acr^ate, 
hydroxypropyl acryiate, faydroxybutyl acrylatc, dietiqdammoethyl acrylate» 
tiiethyleiieglycol acr^ate, N-tert-butyl acrylamide, N*n-but)d acr^amide, 
N-meth^-ol acrylamide, N-eth^-ol acrylamide, vinyl benzoic acid, 

10 diethylamino styrene, p-vinyl benzene sulfonic add, para-methylstyrene, 

trimethoxysilylprop^ acrylate, triethoxysilylprop)^ acr^ate, 
tributoxysilylpropyl actuate, dimethoxymetfaylsiljdpropyl acrylate, 
diethoxymethylsil^propjd acrylate, dibutoxymeth^silylpropyl aoylate, 
diisopropoxymethylsil^propyl acrylate, dimethoxysiiylpropyl acrylate, 

1 5 diethoxysilylpropyl acrjdate, dibutoxysilylpropyl acrylate, 

diisopropoxysit^propyl acrylate, vinyl acetate, and vin^ butyrate. 
Z = H, SRl, S(0)R, S(0)2R, R^, or 

R «= methyl, ethyl, propyl, n-butyl, tert-butyl, isobutyl, phenyl, benzyd, 2- 

phenylpropyl, trimethoxysilylpropyl, tributoxyalyl-propyl, hydroxymeth^ 

20 2-hydroxyethyU 2-hydroxypropyl, 2-epoxypropyl, 2-aminoethyl, 2-amino- 

propyl, mcthoxymethyl, 2-methoxyethyl, 2-ethoxyethyl, 2-mcthoxy-propyl, 
or heptafluoropropyl; 
Rl = hydrogen, methyl, ethyl, propyl, n-butyl, tert-butyl, isobutyl, phenyl, benz>1, 
2-phenylpropyl, trimethoxysilyl-propyl, tributoxysilylpropyl, 

25 hydroxymethyl, 2-hydroxycthyl, 2-hydroxypropyl, 2-epoxypropyl, 2- 

aminoethyl, 2-aminopropyl, mcthoxymethyl, 2-methoxyethyl, 2- 
ethoxyethyl, 2-methoxypropyl, or heptafluoroprop)d; 
R2 « 2,4-dimelhylpentanenitrile, 2-methylbutanenitrile, 2-methylpropanenitrile, 
cyclohexanecarbonitrile, 4-cyanopentanoic add, N,>r-dimethyIeneiso- 

30 butyramidine, N,>r-dimethyleneisobutyramidine hydrochloride, 2- 

amxdinopropane, 2-amidinopropane hydrochloride, 2-methyl*N-[l,l- 
bis(hydroxymethyl)ethyl] propionamide, 2-methyl-N-[l,l-bis(hydroxy- 
metfayl)-2-hydroxyetfa)4] propionamide, 2-methyl-N-(2-hydroxyethyl) 
propionamide, isobutyamide hydrate, hydroxyl, or sulfide; 

35 R3 = l,l-bis(carboethoxy)ethyl, l,l-bis(carbomethoxy)ethyl, bis(carboethoxy)- 
methyi bis(carbomethoxy>methyl, l-carfooethoxy*l-phenyl ethyl, 1-carfoo- 
methoxy-1 -phenyl ethyl, chlorine, bromine, fluorine, iodine, 1 -methyl* 1- 
[carbd(2-epoxypropoxy)]ethyl, l-methyH-[carbo(2-hydroxycthoxy)]eth>d, 
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l-inethyl-l-[caibo(4-hydroxy-butoxy)]cthyl, 1 -methyl- l-[caii>o(2- 
aininoethoxy)]etfayl, l-methyl-l-[caibo(3-trimethoxysil5dproi)oxy)]ethyl, 1- 
methyH-[carbo(3-triethoxysUylpropoxy)]cthyl, l-niethyl-l-[caibo(3- 
diinethoxyethoxyaI)^propoxy)]etfayl. 1 -methyl- l-[caibo(2-inethoxy- 
5 ethoxy))ethyl, (N,N-<li-methylaminoXcyano)methyl, N,N-<limethylamino- 

(beiizo)metfajd, thiometfayd(cyaiio)methyl, or thioetlq4(cyano)methyl; 
n > I and when greater than 1, the repeat units are the same or different. 



4. A process according to Claim 1 \v4ierein (iii) is selected from one or more 
10 of the following: 2,2'-azobis(isobutyronitrile), 2,2'-a2obis(2-butanenitrile), 4,4'- 
azobis(4-cyanpentanoic acid), l,r-azobis(cyclohexanecarbonitiile), 2-(t-but>daro> 
2-cyanopropane, 2,2'-azobis[2-methyI-N-(l,l)- bis(hydoxymethyl)-2-hydroxyethyl] 
propionamide, 2,2'-a2obis[2-meth^- N-hydroxyethyl)]-propionanude, 2,2'- 
azobis(N.N'-dimethylene-isobutyramidine) dichioride. 2.2'-azobis(2- 
1 5 amidinopropane) dichioride, 2,2'-aK>bis(N,N'-dimethyIeneisobutyraniide), 2,2'- 
azobis(2-methyl- N-[l,l-bis(hydroxymethyl)-2-hydroxycthyl] propionamide), 2,2'- 
azobis(2-methyl-N-[l,l-bis(hydroxymethyl)ethyl] propionamide), 2,2'-azobis[2- 
methyl-N-<2-hydroxyethyl) propionamide], 2,2'-a2obis(iso- butyramide) dihydrate, 
t-butylperoxyacetate, t-but^peroxybenzoate, t-butjdperoxyoctoate, t- 
20 butylperoxyneodecanoate, t-butylperoxyiso-butyrate, t-amylperoxypivalate, t- 

butylperoxypivalate, cumene hydroperoxide, dicumyl peroxide, benzoyl peroxide, 
potassium persulfate, ammonium persulfate. 

5. Process of Claim 1 wherein compound (2) is a block copolymer of 
25 general structure (1) and the product is a tri- or multi-block copolymer. 

6. Process of Claim 1 employing a temperature above 100*C. 



7. A composition consisting essentially of a polymer with a polydispersity 
30 <1 .7, having the formula 



.CH2 — 



m 



-CHr-z 



n 



wherein: 
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Q is selected from the group H, OR, O2CR, halogen, CO2H. CO2R, CN, 

CONH2, CONHR and CONRj; 
U is selected from H and R; 

V is selected from R, OR, O2CR, halogen, CO2H, CO2R, CN, CONH2. 
S CONHR and CONR2; 

X is selected from H and R; 

Y is selected from R, OR, 02CR» halogen, COjH. CO2R, CN. CONH2, 
CONHR and CONR2; 

Z is selected from the group H, SR^ S(0)R, S(0)2R, R^ and R^; 
10 R is selected fix>m the group substituted and unsubstituted alkyl, aryl, aralkyl, 
alkaryl and organosilyl groups wherein the substituent(s) are independently 
selected from the group caifooxyl, epoxy, hydroxyl, alkoxy, amino and 
halogen; 

R^ is selected from the group H, substituted and unsubstituted alkyl, aryl, 
IS aralkyl, alkaryl, organosil^ wherein the substituent(s) are independently 

selected fit>m the group carboxyl, epoxy, hydroxy!, alkoxy, amino and 
halogen; 

R^ is selected from the group free radical initiator-derived fragments of 
substituted and unsubstituted alkyl, cycloalkyl, arjd, aralkyl, alkaryl, 
20 organosiljd, alkoxyalkji, alkoxyaryl, sulfate groups wherein the substitueDt(s) 

are independently selected from R, OR^ O2CR, halogen, CO2H (and salts), 
CO2R, CN, CONH2. 



Cs: 



CONHR, CONR2, \4-^2 salts) and — C (and salts); 

R^ is selected from the group radical chain transfer agent-derived fragments of 
25 substituted and unsubstituted alkyl, cycloalkyl, aryi, aralkyl, alkaryl, 

organosilyl, alkoxyalkyl, alkoxyaryl, and PR2 groups wherein the 
substituent(s) are independently selected from R, OR^ SR, NR2, NHR, 
O2CR, halogen, CO2H, CO2R, CN, CONH2, CONHR, and CONR2; 
m and n are independently > I; and 
30 when either or both of m and n are greater than 1, the repeat units are the same 
or different. 

8. A composition according to Claim 7 wherein the polydispersity is < 1.5. 
35 9. Apolymer made by the process of Qaim l. 

1 0. A polymer made by the process of Claim 5. 
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